Considering that the muscles of the anus perform a critical role in maintaining continence, losses in their structure can negatively affect the physiological control of the intestinal contents. Anorectal electro-stimulation (ARES) has been reported to have a positive effect on the functionality of treated patients, but how ARES affects the structural tissues of the anorectal segment remains unknown. Because the study of how ARES structurally affects human tissues is not possible, this study aimed to clarify these effects in a murine model, which has a similar anorectal segment (structure and physiology) to humans. For the descriptive and comparative study, randomly selected nulliparous adult Wistar rats (n = 5) were submitted to 30 anorectal sessions of ARES with a biphasic current (700 ls, 50 Hz from 2 to 4 mA). After treatment, the animals were euthanized, and the anorectal segments were dissected and processed for histopathological analysis. Our results showed that ARES increased the widths of the mucosal, submucosal and muscle layers of the rectum, as well as the number of leukocytes in the mucosa. ARES also caused hyperplasia of the smooth muscle of the internal anal sphincter and hypertrophy of the external anal sphincter muscle. In conclusion, our results showed that ARES had not only a positive effect on the structure (morphology) of all tissues associated with the rectum and anus but, more importantly, on the structural gain of the muscles (hyperplasia and hypertrophy), which could point to a functional gain of the anal sphincter, reinforcing the applicability of ARES as a non-invasive treatment for anal incontinence.
Introduction
The muscles associated with the anus are critical in maintaining continence. The integrated action of the muscles of the sphincter and pelvis, rectal compliance, consistency of the feces and the intestinal transit time cooperate in maintaining voluntary continence (Saad et al. 2002) . Failures in this integration can cause a loss of physiological control of the intestinal contents, resulting in physical and psychological disability, loss of self-esteem and consequently a reduction in the quality of life of individuals affected by fecal incontinence (Yiou et al. 2001; Rao, 2004) . Although there are few epidemiological surveys, fecal incontinence is present in an estimated 2-33% of the population (Whitehead et al. 2009; Brown et al. 2012) and is more common in older women, possibly due to complications related to vaginal delivery mechanisms (Snoks et al. 1990) .
Therapeutic approaches applied to the treatment of fecal incontinence (FI) depend on its severity. Conservative treatment is intended for patients for whom clinical evaluation and diagnostic methods have not identified significant structural or functional lesions, while invasive approaches are intended for more severe cases in which tissue damage and/or marked dysfunction are verified and for whom noninvasive treatments do not work (Van Koughnett & Wexner, 2013; Duelund-Jakobsen et al. 2016) .
Among conservative and noninvasive treatments, food re-education, diarrhea control, biofeedback techniques and anal-rectal electrical stimulation can be applied simultaneously, increasing the chances of success for patients. The anti-motility drug loperamide, with its constipating effect, the topical drug mioconstritor phenylephrine, which increases resting anal sphincter pressure, and the tricyclic antidepressant amitriptyline can also be employed to improve fecal continence (Scarlett, 2004; Norton & Cody, 2006; Baek et al. 2011; Markland et al. 2015) .
In more severe cases of FI in which non-invasive treatments do not work, invasive methods should be used. Among these methods, we highlight the injection of filler substances in the inter-sphincter and submucosal space of the anal canal such as polydimethylsiloxane or silicone particles (Malouf et al. 2001 ). Radio frequency is aimed at causing fibrosis in the anal canal, and neuromodulation is aimed at targeting neuromotor functionality by the implantation of an electrical stimulator in the sacral plexus (Carrington et al. 2014; Scott, 2014; Rosen et al. 2015) . Other invasive approaches include sphincteroplasty, a surgery for the reconstruction of the sphincter by the muscle overlapping technique or by a direct suture of the two divided ends of the sphincter, or implantation of a perianal prosthesis; all of these procedures constitute therapeutic alternatives with temporary benefits (Al os et al. 2005; Oberwalder et al. 2008; Pescatori & Mario, 2014) .
Despite many different therapeutic approaches to treat fecal incontinence, the improvement of non-invasive methods remains important because these can provide a satisfactory functional response with less risk to the patient (Van Koughnett & Wexner, 2013; Rao, 2014; Benezech et al. 2016) . One interesting approach is anorectal electrostimulation (ARES), which has been shown in different studies to improve local sensitivity and control of the defecation reflex and to increase the anal closure pressure (Riedy et al. 2000; Song et al. 2007; Vonthein et al. 2013; de Groat & Tai, 2015) . Considering these approaches, how ARES structurally affects the tissues must be clarified. Considering the impossibility of studying human tissues, this study clarified the effects of ARES in a murine model, which has an anatomical structure and anorectal physiology similar to humans.
Materials and methods

Animals
For the study, 12-month-old nulliparous female Wistar rats (n = 5) were used. They were maintained during the experimental phase in the Biotery of the University Center of Brasilia, Federal District, under a controlled temperature (23°C) and light/dark cycle (12 h), and were fed a balanced diet and water ad libitum. This murine model was selected because these animals possess an anatomical structure and anorectal physiology similar to that of humans (Abramowitch et al. 2009 ).
The sample size, ethical standards, criteria adopted for testing and maintenance of the animals were strictly within the rules established by the Brazilian College of Animal Experimentation (COBEA). 
Anorectal electro-stimulation (ARES)
To prevent possible suffering and discomfort to the animals, the probe of the stimulator (Dualpex 961 Quark â model URO, Piracicaba -São Paulo, Brazil) was adapted to the dimensions of the anal canal of the animals. For this, two stainless steel rings of 2 9 3 mm (diameter 9 length) were connected to electric wires with tin solders isolated from each other by 6.0 mm acrylic resin (non-conductive substance); the dimensions of the probe were 6 9 9 mm (diameter 9 length). For the electro-stimulation, a rectangular symmetrical biphasic current pulse width of 700 ls, a frequency of 50 Hz and an intensity of 2-4 mA were used until visible contraction could be witnessed by the observer without causing suffering to the animal (Bo et al. 1999; Wyndaele & Poortmans, 2006) .
The time between the passage of current/muscle contraction and of interruption/muscular rest (on/off) was 5 and 10 s, respectively, similar to Bo et al. (1999) . For the electrical stimulation, the animals were contained manually and placed in the supine position for the introduction of the electro-stimulator probe into the anus; the probe pre-lubricated with conductive gel. The animals were subjected to 30 sessions of electro-stimulation, five times per week, over three consecutive weeks. In each session, the animals were electrically stimulated twice with a 5-min rest inbetween. After each session, the probes were cleaned with antiseptic soap and water and stored in a dry place.
Obtaining histological sections
On the first day after the last session of electrical stimulation, the animals were euthanized in a chamber with a 40% concentration of CO 2 . The anorectal segment was dissected, preserving the perineal skin to minimize damage to any part of the anal sphincter muscle. All specimens were fixed in 10% formaldehyde solution, dehydrated in alcohol, diaphanized in xylene and embedded in paraffin. Histological sections 5 mm thick were stained with hematoxylin and eosin or Gomori Trichrome, and images were captured using Aperio ScanScopeâ equipment (Aperio Technologies Inc., Vista, CA, USA). Morphometric analyses were performed using the program IMAGESCOPE version 11.2.0.780 (Aperio Technologies Inc.).
Morphologic evaluation
The morphological study was carried out using the histological anorectal sections of the animals, electro-stimulated or not, to determine: (i) the width of the epithelial, connective, and muscle layers (internal anal sphincter/smooth muscle and external anal sphincter/skeletal muscle); (ii) the number and diameter of the fibers of the external anal sphincter muscle; (iii) the number of fibers of the internal anal sphincter; (iv) the presence or absence of inflammatory cells.
The morphometric study of the mucosal, submucosal and muscle layers was carried out in four equidistant areas of 400 lm 2 in the histological sections, using the measuring tool of the IMAGE SCOPE LEICAâ software (version 12.0). The quantification of the number of muscle fibers was performed in 1.6 mm 2 of the histological sections, and the diameter of the skeletal fibers was measured in 200 cells. Qualitative analysis of the tissues associated with the rectum and anus was carried out in four equidistant fields (200 lm 2 per field) of the histological sections, where the type of inflammatory cells in the mucosa, morphological changes in the layers (mucosa, submucosa and muscle), and the presence or absence of hemorrhage, cellular degeneration and necrosis were analyzed.
Statistical analysis
The normality of the variables was analyzed employing the Kolmogorov-Smirnov test, and the homogeneity of variance was analyzed using the Barttlet test. For comparison between two groups, the t-test or the Mann-Whitney test was employed for parametric or non-parametric distribution, respectively. The analyses were performed using the program PRISMâ 5.0 software package (GraphPad, USA, 2005) . Differences of P < 0.05 were considered significant.
Results
To identify the effects of electrical stimulation in the anorectal tissues, morphometric measurements of the tissues and of the inflammatory infiltrate were taken.
Effects of electro-stimulation on the tissues associated with the rectum
The results of the statistical analyses showed that when compared with the control group, the electro-stimulated animals presented a 372.1% increase in the median of the width of the mucosal layer and a 68.9 and 137.1% increase in the mean AE SD of the widths of the submucosa and muscle layers, respectively (P < 0.05) ( Table 1 , Fig. 1 ).
Effects of the electro-stimulation on inflammatory cells
To evaluate the effect of electrical stimulation on the presence or absence of inflammatory infiltrate, qualitative analyses were performed on a 200 lm 2 area of the connective tissue associated with the rectum and anus. The qualitative analyses of the rectum and anus showed no morphological changes in the epithelial, connective or muscle tissues (smooth or skeletal) of the control; the same was observed in the electrically stimulated group (Fig. 2) .
As for leukocytes, the number of eosinophils, lymphocytes and macrophages was higher in the electro-stimulated animals than in the control group. A similar finding was observed in the mucosa of the rectum (control = 3.1 AE 4.3 cells; treated = 9.8 AE 1.9 cells; t-test, P = 0.012) and the anus (control = 1.3 AE 1.9 cells; treated = 4.4 AE 1.5 cells; t-test, P = 0.027; Fig. 2 ).
Effects of electro-stimulation on muscles associated with the anus
To evaluate the effects of the electro-stimulation in the muscles associated with the anus, the width of the muscle layers and the number of fibers of the internal anal sphincter (IAS) and external anal sphincter (EAS), as well as the diameter of 200 EAS fibers were obtained.
The results showed that in the muscle layers, the electrostimulated animals had increased widths of the IAS and EAS by 58.0 and 30.5%, respectively, when compared with their respective controls (t-test, P < 0.05). An increase of 34.8% in the number of smooth muscle fibers of the IAS and a decrease of 44.0% of the number of skeletal fibers of the EAS (t-test, P < 0.005) were observed. For the diameter of the skeletal EAS fibers, electro-stimulated rats showed an increase of 15% (29.1 AE 0.5 lm) compared to the control group (25.3 AE 1.5 lm) (t-test, P = 0.0037) (Table 2, Fig. 3 ).
Discussion
Considering the low quality of life of the individuals affected by fecal incontinence and the possibility to apply non-invasive methods to provide a satisfactory functional response with less risk, our study has clarified the effects of anorectal electro-stimulation in a murine model that is structurally and physiologically similar to humans.
Our findings showed that the application of 30 sessions of anorectal electro-stimulation increased the width of the layers associated with the rectum (mucosa, submucosa and muscle). Our results also showed an increase in the number of eosinophils, macrophages and lymphocytes associated with the mucosa of the rectum and of the anus in the treated rats, as well as hyperplasia of the smooth muscle of the internal anal sphincter (IAS) and hypertrophy of the external anal sphincter muscle (EAS). The structural gain of tissues associated with the rectum and anus was reflected not only in the hyperplasia of the smooth muscle or the hypertrophy of the skeletal muscle but also in the larger epithelia and connective tissue. These findings are corroborated in studies by Alvarez et al. (1983) , wherein electrical stimulation caused a greater re-epithelialization rate and an increase in the biosynthesis of collagen in experimental cutaneous lesions in pigs.
As for the increase in the width of the tissue layers and the higher number of leukocytes in the rectal and anal mucosa, our results point to the role of electrical stimulation in the processes that lead to the proliferation and migration of cells related to different tissues. In the presence of tissue damage, an endogenous electrical current (~200-800 mV mm À1 ) induces mitotic processes, and cell signaling mechanisms guide and stimulate cell migration towards the injury by a phenomenon known as electrotaxis (Balakatounisa & Angoulesc, 2008) . Due to the polarized activation of EGFR (Epidermal Growth Factor Receptor), ERK1/2 (Extracellular Regulated Kinase Signaling 1/2) and PI3 kinase (Zhao et al. 2010) , electrotaxis also acts on the distribution of integrins in the cell membrane of fibroblasts, promoting their adhesion to the extracellular matrix proteins (Brown & Loew, 1994) . Therefore, considering that exogenously applied electro-stimulation can mimic the effects of endogenous electrotaxis, as reported by Zhao et al. (2010) , the application of a symmetrical biphasic current (2-4 mA) for 30 days could have upregulated these cell-signaling mechanisms, causing the structural gain observed in the tissues associated with the rectum and anus.
The gain related to the muscle hyperplasia in response to the use of electrical stimulation could be attributed to the protein tyrosine kinase Abl (Abelson tyrosine kinase), which is ubiquitously expressed in smooth muscle cells and has a variety of functions. These functions include regulating actin and the migration and cell adhesion (Cleary et al. 2014) , as well as cell proliferation in response to the activation of growth factors (Jia et al. 2012) . During myogenic activation and dynamic modulation of actin, phosphorylation and the activation of a cascade of protein kinases, such as Raf-1, MEK1/2 and ERK1/2, occurs (Widmann et al. 1999; Jia et al. 2012) . Considering these aspects, the electrical stimulation, mimicking the effects of endogenous electrotaxis, could have promoted an increase in the amount of smooth muscle cells observed in our results by the activation of a cascade of protein kinases. The increase in the diameter/hypertrophy of the skeletal fibers/EAS is a result of an adaptive process directly related to the increased muscle area/muscle fiber by an increase in intracellular protein synthesis (Guo et al. 2012) . Although the cellular mechanisms involved in muscle hypertrophy are not completely understood, hypertrophy is directly related to the number of myonuclei and the rate of synthesis and degradation of proteins of myofilaments (Guo et al. 2012) . In muscular atrophy conditions, we observe a gradual loss of myonuclei of the skeletal fibers, resulting in lower protein synthesis (Mitchell & Pavlath, 2004) ; however, the reversal of this process can occur in the presence of an excitatory stimulus (Mahony et al. 2004) . In this case, the satellite cells associated with the inner face of the muscle fibers are activated and begin to compose the myonuclei that actively restore protein synthesis (Guo et al. 2012) , resulting in cell hypertrophy, as observed in this study and in Wyndaele & Poortmans (2006) .
Integrated action of the tissues associated with the rectum and anus is vital to voluntary continence. Parity (Nelson, 2004 ) and aging (Akhtar & Padda, 2005) cause structural changes that can lead to fecal incontinence and consequently to a loss in the quality of life of individuals affected by FI (Akhtar & Padda, 2005) . This study has demonstrated in a physiologically similar animal model (Abramowitch et al. 2009 ) that ARES structurally increased all of the tissues associated with the rectum and anus. For the muscle tissue, our results point to a structural gain that could be reflected in a functional gain of the anal sphincter, reinforcing the applicability of electrical stimulation as a non-invasive treatment for anal incontinence.
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